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VIDEO CONFERENCING SYSTEM
TRANSCODER

PRIORITY

This application claims priority to U.S. Provisional Patent
Application, Ser. No. 60/619,210, titled “Video Conference
Call System”, which was filed Oct. 15, 2004, whose inventors
are Michael J. Burkett, Ashish Goyal, Michael V. Jenkins,
Michael L. Kenoyer, Craig B. Malloy, and Jonathan W.
Tracey which is hereby incorporated by reference in its
entirety as though fully and completely set forth herein.

This application further claims priority to U.S. Provisional
Patent Application, Ser. No. 60/675,967, titled “Video Con-
ferencing System Supporting Simultaneous High Definition
and Standard Definition Video Conferencing and Bridging”,
which was filed Apr. 29, 2005, whose inventor is Michael L.
Kenoyer which is hereby incorporated by reference in its
entirety as though fully and completely set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to conference sys-
tems and, more specifically, to video conference systems.

2. Description of the Related Art

Video conferencing systems may allow multiple remote
people to participate in a conference. Through video confer-
ence systems, participants may see the other participants in
real time and may be able to visually interact with the other
participants. Video conference systems also facilitate visual
presentations to multiple remote sites.

Once connected, each video conferencing system with
video capabilities may display multiple participants on one
screen. However, the video conferencing systems may have to
display images of the participants at the lowest supported
resolution of all of the participants’ video conferencing sys-
tems.

SUMMARY OF THE INVENTION

In various embodiments, multiple participants (at end-
points) may connect through video conferencing systems. A
screen may display other participants in the conference call.
For example, multiple participants may be displayed in
respective portions of the screen. In some embodiments, two
or more of the participants may use video conferencing sys-
tems that support different resolutions. For example, a first
participant may have a video conferencing system that uses a
resolution 0f352x288 (pixels); a second participant may have
a video conferencing system that uses a resolution of 1280x
720; a third participant may have a video conferencing system
that uses a resolution of 848x480, and a fourth participant
may have resolution of 720x576. Other resolutions are also
contemplated. The video conferencing system may provide a
transcoding algorithm and a bit rate algorithm to facilitate the
call. In some embodiments, the video conferencing system
may also support resolution transcoding to allow the confer-
ence call participants to be displayed on each participant’s
respective screen at up to the highest possible resolution
supported by the respective screen. For example, low resolu-
tion video conferencing systems may be displayed on a high
definition (HD) screen of a high resolution system at the low
resolution of the low resolution video conferencing system
while another image on the same high definition screen from
a different, higher resolution video conferencing system, may
be displayed at the higher resolution.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention may be
obtained when the following detailed description is consid-
ered in conjunction with the following drawings, in which:

FIG. 1 illustrates a video conferencing network, according
to an embodiment;

FIG. 2 illustrates multiple endpoints supporting various
resolutions coupled to a Multipoint Control Unit (MCU),
according to an embodiment;

FIG. 3 illustrates a continuous presence screen showing
multiple video conferencing sites, according to an embodi-
ment;

FIGS. 4a and 4b illustrate components for resolution
transcoding, according to an embodiment;

FIGS. 5a-5d illustrate detailed views of components in an
MCU and/or video conferencing system, according to an
embodiment;

FIG. 6 illustrates resolution transcoding for multiple end-
points, according to an embodiment;

FIG. 7 illustrates video data flow for scalers on both sides
of'a compositor, according to an embodiment;

FIG. 8 illustrates a transcoder forming different continuous
presence displays for a 16:9 participant and a 4:3 participant;

FIG. 9 illustrates multiple scalers on one side of a com-
positor, according to an embodiment of the invention;

FIG. 10 illustrates a method for transcoding video signals,
according to an embodiment; and

FIG. 11 illustrates a method for transcoding video confer-
ence signals for multiple MCUSs, according to an embodi-
ment.

While the invention is susceptible to various modifications
and alternative forms, specific embodiments thereof are
shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that the
drawings and detailed description thereto are not intended to
limit the invention to the particular form disclosed, but on the
contrary, the intention is to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope ofthe
present invention as defined by the appended claims. Note,
the headings are for organizational purposes only and are not
meant to be used to limit or interpret the description or claims.
Furthermore, note that the word “may” is used throughout
this application in a permissive sense (i.e., having the poten-
tial to, being able to), not a mandatory sense (i.e., must). The
term “include”, and derivations thereof, mean “including, but
not limited to”. The term “coupled” means “directly or indi-
rectly connected”.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Incorporation by Reference

U.S. Provisional Patent Application titled “Speaker-
phone”, Ser. No. 60/619,303, which was filed Oct. 15, 2004,
whose inventors are William V. Oxford, Michael L. Kenoyer,
and Simon Dudley is hereby incorporated by reference in its
entirety as though fully and completely set forth herein.

U.S. Provisional Patent Application titled “Speaker-
phone”, Ser. No. 60/634,315 which was filed Dec. 8, 2004,
whose inventors are William V. Oxford, Michael L. Kenoyer
and Simon Dudley which is hereby incorporated by reference
in its entirety as though fully and completely set forth herein.

U.S. Provisional Patent Application titled “Video Confer-
encing Speakerphone”, Ser. No. 60/619,212, which was filed
Oct. 15, 2004, whose inventors are Michael L. Kenoyer, Craig
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B. Malloy, and Wayne E. Mock is hereby incorporated by
reference in its entirety as though fully and completely set
forth herein.

U.S. Provisional Patent Application titled “High Definition
Camera and Mount”, Ser. No. 60/619,227, which was filed
Oct. 15, 2004, whose inventors are Michael L. Kenoyer,
Patrick D. Vanderwilt, Paul D. Frey, Paul Leslie Howard,
Jonathan I. Kaplan, and Branko Lukic, is hereby incorporated
by reference in its entirety as though fully and completely set
forth herein.

FIG. 1 is a block diagram of a video conferencing system
100, according to an embodiment. In some embodiments,
video conferencing system 100 may include a network 105, a
management system 103 coupled to network 105, and end-
points or calling devices 101a-101e coupled to network 105.
An endpoint 101 (including 101A-101E) may be coupled to
network 105 in a wired or wireless fashion. Endpoint 101
(including 101A-101E) may include various wireless or
wired communication devices, such as a wireless Ethernet
(e.g., IEEE 802.11) card, paging logic, RF (radio frequency)
communication logic, a wired Ethernet card, a modem, a
digital subscriber line (DSL) device, a cable (television)
modem, an Integrated Services Digital Network (ISDN)
device, an ATM (asynchronous transfer mode) device, a par-
allel or serial port bus interface, and/or other type of commu-
nication device.

In various embodiments, network 105 may include and/or
be coupled to other types of communications networks, such
as a public switched telephone network (PSTN), where end-
points 101 may send and receive information from/to the
PSTN or other communication networks. In some embodi-
ments, network 105 thus may be, or be coupled to, any of
various wide area networks (WANs), local area networks
(LANSs), and/or corporate networks, including the Internet. In
some embodiments, endpoints 101, network 105, and/or
management system 103 may use one or more secure meth-
ods and/or secure techniques for communication.

Network 105 may include one or more wireless networks,
e.g.,basedon IEEE 802.11 and/or IEEE 802.16. Network 105
may include one or more wireless networks, e.g., based on
Ethernet, DSL (digital subscriber line) and/or cable (e.g.,
cable television) networks and/or infrastructures. For
example, network 105 may include one or more of: cable
modems, cable modem termination systems (CMTSs), satel-
lite modems, DSL. modems, digital subscriber line access
multiplexers (DSLAMs), broadband remote access servers
(BRASSs), and/or metropolitan area networks (MANS),
among others. Network 105 may form part of the Internet, or
may couple to other networks, e.g., other local or wide area
networks, such as the Internet. Thus, endpoints 101A-101E
and/or management system 103 may be coupled together
using a PSTN, e.g., Ethernet cable and DSL or Ethernet cable
and ISDN; a cable (television) based network; a satellite-
based system; and/or a fiber based network; among others.

FIG. 2 illustrates an embodiment of multiple endpoints
supporting various resolutions coupled to a Multipoint Con-
trol Unit (MCU) 201. In some embodiments, video confer-
encing endpoints 203a-203¢ may transmit high resolution
images captured through their high definition cameras 205a-
205¢. In some embodiments, one or more lower resolution
endpoints (e.g., endpoint 2034) with, for example, a standard
definition camera 207 may also be coupled to the MCU 201.
In some embodiments, the MCU 201 may be a separate
device or may be embedded in one of the video conferencing
endpoints.

FIG. 3 illustrates a video conferencing system displaying
multiple participants, according to an embodiment. In some
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embodiments, it may be desirable to make a video call with
more than two conference sites through network 105. For
example a 3-way or 4-way or even a 1 6-way video call may be
desired. Calls with multiple participants may require the addi-
tional functionality of an MCU. The MCU may be imple-
mented inside a video conferencing endpoint or as a separate
stand-alone piece of equipment.

In various embodiments, a multipoint call may use, for
example, a full screen mode (one participant on screen) or
continuous presence mode (multiple participants viewed on
screen simultaneously) to determine what each of the partici-
pants views on their respective screen. For full screen mode,
if the video algorithm, data rate, and bit rate are the same for
the participants, the correct compressed bit stream may be
forwarded to a proper endpoint without even having to be
decoded. In continuous presence mode, the video from each
participant may be decoded, down-scaled and combined into
a multiple image composite (e.g., stacked squares) of mul-
tiple participants. This may be a 4-quandrant view, a 9-quad-
rant or even a 16-quadrant view. Other numbers of views are
also contemplated. In some embodiments, each participant
may have a different view (e.g., with different resolutions
and/or different conference views).

In some embodiments, a screen 310 on a video conferenc-
ing system may display other participants in continuous pres-
ence mode. For example, participants 303a-3034 may be
displayed in respective portions of the screen 310. In some
embodiments, each of the conference sites may use various
video conferencing systems that support different resolu-
tions. For example, participant 303a may have a video con-
ferencing system that uses a resolution of 352x288 (pixels);
participant 3035 may have a video conferencing system that
uses a resolution of 1280x720; participant 303¢ may have a
video conferencing system that uses a resolution of 848x480,
and participant 303d may have resolution of 720x576. In
some embodiments, each participant’s video stream may be
coded with different video compression algorithms such at
H.261, H263, H.264 (Moving Picture Experts Group
(MPEG)-4 Part 10), MPEG-1, MPEG-2, MPEG-4, etc. In
some embodiments, each stream may be coded at a different
bit rate. Other resolutions, compression algorithms, and bit
rates are also contemplated.

In some embodiments, a video conferencing system may
provide a transcoding or transformation algorithm and a bit
rate algorithm to facilitate the call. In some embodiments, the
video conferencing system may also support resolution
transcoding to allow the conference call participants to be
displayed on each participant’s respective screen 310 at up to
the highest possible resolution supported by the respective
screen. For example, the video conferencing systems may not
need to default to the lowest resolution of all of the video
conferencing systems participating in the call. If a video
conferencing system is capable of displaying the resolutions
of'the other video conferencing systems, it may display them
at the resolution they provide. Ifa video conferencing system
can only display a resolution less than the resolution provided
by other video conferencing systems, the video conferencing
system with the lower supported display resolution may dis-
play the other video conferencing system signals at its lower
supported display resolution without forcing the other video
conferencing systems to display a lower resolution. In some
embodiments, low resolution video conferencing system
video signals may be displayed on a high definition (HD)
screen of a high resolution system at the low resolution sent
by the low resolution video conferencing system while
another image on the same high definition screen from a
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different, higher resolution video conferencing system, may
be displayed at the higher resolution substantially simulta-
neously.

FIGS. 4a and 44 illustrate embodiments of components for
resolution transcoding. In some embodiments, a transcoder
471 (e.g., embedded in an MCU) may include a set of scalers
403 coupled to the video decoders 451 (e.g., through cross-
point switch 499 shown in FIG. 4b) receiving video input
signals from various video source inputs (e.g., video signals
from video conferencing systems participating in a video
conference). The scalers 403 may scale the video signals after
the video signals are decoded by the decoders 451. In some
embodiments, the scalers may be 7-15 tap scalers (other
scalers are also contemplated). The scalers may use linear
combinations (e.g., with similar or different coefficients) of a
plurality of pixels in an image for each pixel scaled. Other
scalers are also contemplated. The system may also have
scalers 407 coupled to outputs of compositors 409 to scale
video being sent to video encoders 453. In some embodi-
ments, the video signal or video data from the video decoders
451 may be scaled (e.g., in scalers 407) prior to being stored
in the shared memory 455. In some embodiments, composi-
tors 409 may access the video data (which may have been
scaled) from shared memory 455 to form composite images
(e.g., a continuous presence screen with view of each incom-
ing video signal to the video decoders 451). The output of the
compositors may again be scaled (e.g., by scalers 407) prior
to be encoded by video encoders 453. In some embodiments,
the video signal received by scalers 407 may be scaled
according to the resolution requirements of a video confer-
encing system coupled to the transcoder 471 prior to being
encoded. In some embodiments, the output of a compositor
(e.g., compositor 421 ) may not be scaled prior to leaving the
transcoder 471 as a video source output. The components
shown in FIGS. 4a and 4b may be in an MCU. In some
embodiments, the components may be included in a
transcoder 471 embedded in a video conferencing system or
other endpoint. Other locations for the components are also
contemplated.

In some embodiments, in a full screen mode, if a first video
conferencing system creates and can display video signals at
a resolution of 1280x720, and a second video conferencing
system creates and can display video signals at a resolution of
352x288, the transcoder 471 may scale the first video confer-
encing system’s video signal down from 1280x720 to 352x
288 before sending the signal (or a composite including data
from the signal) to the second video conferencing system.
The second video conferencing system may then receive and
display the first video conferencing system’s video signal at
352x288 on video screen 331. In this example, the transcoder
471 may scale the second video conferencing system’s 352x
288 video signal up as required to be displayed on the 1280x
720 display. Alternatively, the second video conferencing
system’s 352x288 video signal may be sent as is (optionally
through the transcoder 471) to the video conferencing system,
and the lower resolution (352x288) video signal may be
handled and displayed appropriately by the high resolution
(1280x720) display.

In some embodiments, the first and second video confer-
encing signals may be composited atan MCU or locally at the
video conferencing system. In some embodiments, the video
may not be scaled before being sent to the second video
conferencing system. In some embodiments, the transcoder
471 may scale the incoming video to output video signals
matching the video requirements of each participant video
conferencing system.
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FIGS. 5a-5d illustrate detailed embodiments of compo-
nents in an MCU and/or video conferencing system. In some
embodiments, signals from various sources may be received
by the transcoder. For example, signals from cameras 503
(e.g., local cameras on the local video conferencing system)
may be received. In some embodiments, signals from end-
points (e.g., remote video conferencing systems) may be
received over Ethernet 505. These signals may be received by
video decoders 551 to be decoded. Signals may also be from
secondary sources such as a Video Graphics Array (VGA)
input from a personal computer (PC), a signal from a docu-
ment camera, or a signal from a Videocassette Recorder
(VCR) or Digital Versatile Disc (DVD) player. These signals
may be used in, for example, data conferencing. The various
input signals may be received at respective input ports 521.
The signals may then be received by one or more scalers in a
scaler pool 503. The signals may travel on various buses in the
MCU (e.g., a peripheral component interconnect (PCI) bus).
Signals from the scalers (along with signals that have not been
scaled) may be sent to various shared memories 555 (e.g., to
5555 through Vin to Vout 523 as seen in FIG. 55). Composi-
tors 509 may access the shared memory (e.g., shared memory
555b) as needed to form composited signals. For example, the
compositors 509¢ may access multiple video signals, from
the video conferencing participants coupled to the MCU,
stored in the shared memory 5555 for forming a continuous
presence image (including each video conferencing partici-
pant in their own panel in the image) for display. One or more
of the composite images may then be scaled in scalers 507
prior to being encoded by encoders 553 for outputting to the
various video conferencing participants. In some embodi-
ments, each output signal may be scaled to the resolution of a
specific video conferencing system. As seen in FIG. 5¢, the
output signals may be encoded and sent to the various video
conferencing systems over a network (e.g., a Wide Area Net-
work (WAN) Access Device (WAD) network 571). Multime-
dia Digital Signal Processing (DSP) processors (e.g., Nexpe-
ria™ processors 572) may be used to process audio (e.g.,
Phillips Nexperia™ (PNX) signals) and/or video signals
(e.g., video signals from the PCI bus). FIG. 5d illustrates a
transcoder distributed over two interfacing chips 591. Other
numbers of chips and/or other arrangements of the compo-
nents are also contemplated.

FIG. 6 illustrates an embodiment of resolution transcoding
for multiple endpoints. In some embodiments, three remote
endpoints 6035-c may be coupled to a local endpoint 603a
through an Internet Protocol (IP) cloud 691 network, e.g., the
Internet. The video conferencing system endpoints may have
different resolution video sources (e.g., high definition cam-
eras 605 producing 1280x720 video 604 versus camera 607
producing 352x288 video 606). Other sources/resolutions are
also contemplated.

In some embodiments, each video signal 604 may be
encoded through a video encoder (e.g., through a H.264
encoder 6105,c or a H.263 encoder 610d). Other encoders are
also contemplated. The encoded signal may then be sent to the
MCU through each endpoint’s respective communication
link 611 (which may include a port and/or communications
processor), the IP cloud 691 (such as the Internet), and into
the MCU’s comm link 611. The respective video signals may
then be decoded by appropriate decoders (e.g., H.264 decod-
ers 612a,b and H.263 decoder 612¢). Other decoders are also
contemplated. The decoded signal may be scaled up or down.
For example, the 1280x720 video images may be scaled
down to 640x360 images 614b,c (scalers 613b,c) and the
352x288 video image may be scaled up to 440x360 image
614d (scaler 6134). It is noted that other resolutions are also
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contemplated (e.g., the images may be further scaled up or
down). The local image 604a (from camera 605a) may be sent
through the image processing pipeline 615 to a scaler 6134 to
be scaled down to a 640x360 image 614a. In some embodi-
ments, the images may be scaled to fit into a continuous
presence screen. Depending on the number of panels in the
continuous presence screen, the images may need more or
less scaling (e.g., a continuous presence screen with 8 panels
(views) may require each view (video image) to be scaled
more than a 4 panel screen).

The scaled images 614 may be composited, for example,
into a continuous presence screen. A compositor 615 may
composite the images 614 into a 1280x720 screen. In some
embodiments, the images 614 may be stored on a shared
memory accessed by the compositor 615. In some embodi-
ments, the composited image may be further scaled in 6154
by a scaler into a 352x288 image. The 1280x720 image may
be encoded by an H.264 decoder 617a and sent to endpoints
603b,c. The 1280x720 image may be sent to the local end-
point 603« display (without encoding) at 618. The 352x288
image may be encoded by a H.263 encoder and sent to end-
point 603d The video signal received at each of the H.264
decoders 6195,¢ at endpoints 6035,c may be decoded into a
decoded image 6215,c¢ for display on monitors 623b,c. The
video signal received at endpoint 6034 may be decoded in the
H.263 decoder 6194 into decoded image 6214 for display on
monitor 6234.

In the example of FIG. 6, which involves a continuous
presence mode having 4 images displayed in respective quad-
rants of a display, the 1280x720 video images may be scaled
down to 640x360 images 614b,c¢ (scalers 6135,¢). The 640x
360 images may then be composited and transmitted for
display in a respective quadrant of a HD display in the con-
tinuous presence mode. The 640x360 images are V4 the reso-
Iution of the original 1280x720 video images and are dis-
played in a quadrant (¥4) of an endpoint’s HD display. The
640x360 images may be composited and displayed alongside
other one or more images in other quadrants that may origi-
nate from lower resolution video cameras. Thus, a HD display
in continuous presence mode may display 640x360 images in
three quadrants, whereas the fourth quadrant may display an
image originating from a FCIF endpoint’s non-HD camera
(e.g., an image that has been scaled according to FCIF at
352x288) and that has been up-scaled to 440x360.

In prior art systems where at least one camera/image was
FCIF, all images were locally scaled to 352x288 and then
were down scaled to Y4 that resolution (176x144). These
176x144 video signals were then composited together for a
4-way continuous presence display. Thus, each endpoint
would receive four 176x144 resolution images composited
together, which may then have been up scaled for display as
needed.

In the present system, a non-HD FCIF video signal is not
further scaled down in situations where the destination end-
point’s display device has a sufficient resolution to display at
least 352x288 resolution in a quadrant of the display. Thus, in
the above example involving an endpoint having an HD (e.g.,
1280x720) display, the HD display will display 3 quadrants
each having 640x360 images, and the fourth quadrant will
display a 440x360 image, where the 440x360 image has been
up scaled from a 352x288 image. In other words, the 352x288
video image may be scaled up to a 440x360 image 6144
(scaler 613d), and this scaled up image may be combined
(composited) with images (640x360), and the resulting com-
posite image sent to endpoints having an HD display.

FIG. 7 illustrates an embodiment of video data flow includ-
ing flow between a shared memory 755 and a compositor
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using two sets of scalers. FIG. 7 illustrates a savings in the
required number of scalers when scalers are implemented on
both sides of the compositor. For example, an MCU generat-
ing a composite image Y comprised of scaled images x1, x2,
x3, and x4 (e.g., 0.5*x1+0.5%x2+0.5%x3+0.5*x4) and a com-
posite image Z comprised of different scaled images x1, x2,
x3, and x4 (e.g., 0.1*x1+0.1*x2+40.1*x3+0.1*x4) may
require 8 scalers and two compositors if the scalers are on
only one side of the compositors. However, as shown in FIG.
7, with scalers 701 and 703 on both sides of the compositors
(e.g., compositor 7055), composite images Y and Z can be
created with only 5 scalers and 2 compositors. For example,
image 7 may be constructed as Z=0.2*Y. Image Y may be
created in part by the scalers on the left (input side) of one of
the compositors scaling respective images, which are then
stored in shared memory 755 and composited by a respective
compositor 705. Image 7 may be created by one scaler on the
right (output side) of one of the compositors, whereby this
one scaler receives the output image Y from the compositor
and scales it by a factor of 0.2 to produce the image 7.

FIG. 8 illustrates a transcoder manipulating various aspect
ratios and resolutions to form continuous presence screens for
different aspect ratio output screens. A 1280x720 image 801a
froma local camera, 1280x720 images 8015, c from decoders,
and a 352x288 image (4:3) from a decoder may be scaled by
scalers 803 as shown. The scaled images (e.g., 640x360
images 8054,b,c, 440x360 image 8054, and 640x480 image
805¢) may be stored on a shared memory 807. Compositors
809 may access the scaled images on the shared memory to
form composited images 815a,5. Image 815a may be sent to
the encoders and local monitor or may be placed through
scaler 817 to produce image 819 for the encoders and local
monitor. Image 8155 may be scaled by scaler 821 to produce
image 823 for the encoder (e.g., to go to a 4:3 remote site).
Image 8156 may also be scaled by scaler 825 to produce
image 827 for an auxiliary video. With only one set of scalers
on the left side of a compositor(s), 12 scalers may be required
(e.g., see F1G. 9). However, with scalers on both sides of the
compositor(s) the same resultant images may be produced
with 8 scalers (in some embodiments, other numbers of scal-
ers may be used). In some embodiments, as seen in FIG. 9,
images may be transcoded using scalers 905 on one side of the
compositor(s) 911. While this may require more scalers,
images may be transcoded to needed resolutions for various
video conference sites.

In some embodiments, HD resolutions may be defined at
the wider 16:9 aspect ratios to be more compatible with
movies. In some embodiments, when a system communicates
with a 4:3 aspect ratio (Full Common Intermediate Format
(FCIF), standard definition (SD), etc.) system and displays a
high definition 16:9 ratio image, then the system may display
the full image with a non-image border (The entire image can
still be displayed even if using a non-image border.) In some
embodiments, the system may scale up the image so that the
image fills the full 16:9 window (this may result in losing
some of the image). In some embodiments, other non linear
algorithms may be used that minimize the amount of lost
image. In some embodiments, when the system is transmit-
ting to a system with a 4:3 aspect ratio then the system may
scale down the 16:9 image. Scaling down the 16:9 image may
result in a “letterbox” format with a non-image top and/or
bottom area. In some embodiments, various non-linear scal-
ing techniques may be used to reduce or eliminate the non-
image areas.

In some embodiments, the wider aspect ratio may work
well for video conferencing where there are often many
people sitting around a conference table. For example, the
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wider screen view may allow more of the people around the
conference table to be viewed on the screen at the same time.
In addition, the systems may have variable interlacing modes
such as 1920x1080i (60 540 line fields/sec) or 1280x720 p
(60 720 line progressive frames/sec) or 1280x720 30p (30
720 line frames/sec). The 1280x720 resolution may be
approximately 10x the resolution of FCIF. Higher resolutions
are also contemplated (e.g., approximately 4,000x2000 pix-
els or more). Various frame rates are also contemplated (e.g.,
still frame, 5 fps, 10 fps, 15 fps, 30 fps, 60 fps, 120 fps, 240
ps, etc.).

In some embodiments, an H.264 video compression algo-
rithm may be used resulting in approximately two times the
compression efficiency of the older H.261 and H.263 algo-
rithms. Use of this new video algorithm may make it possible
to provide good quality 1280x720, 30 fps video atrates as low
as 768 kbps. Enhancements to H.264 may include High (HP),
High 10 (Hil10P), High 4:2:2 (Hi422P), High 4:4:4 (Hi444P).
Other coding methods and uncoded data may also be used as
the video transport.

In various embodiments, each endpoint may have access to
different maximum bandwidths for making video calls. The
maximum bandwidth may change depending on time of day,
network quality, company policies, etc. Typical video confer-
encing systems may operate at one of multiple resolutions. If
one such system uses FCIF (352x288) at 384 kbs and the
same FCIF at 1,544 kbps then the extra bandwidth may pro-
vide very little value. In various embodiments, the video
conferencing system may support a wide range of intermedi-
ate resolutions between 352x288 (FCIF) and 1280720 or
1920x1080 or higher. In some embodiments, the different
resolutions may be supported by the system of scalers as
described above.

In various embodiments, the video system may use addi-
tional bandwidth to improve the video quality by increasing
resolution. The resolution may be adjusted to the available
bandwidth for an optimal user experience. In some embodi-
ments, images may be scaled according to the current band-
width available to a system. For example, even if a system
supports an HD resolution, images sent to the system may be
scaled to a lower resolution depending on the current band-
width available to the system. An example of bandwidths and
resolutions are:

Bandwidth Resolution Frame Rate Interlace Mode
128 kbps 512 x 288 30 progressive
384 kbps 848 x 480 30 progressive
512 kbps 1024 x 576 30 progressive
768 kbps 1280 x 720 30 progressive

1280 kbps 1280 x 720 30 progressive

1,544 kbps 1920 x 1080 60 interlaced

In various embodiments, with the substantially higher video
quality possible on the video conferencing system, video
quality may need to be preserved in a multi-way call. In
various embodiments, instead of having to re-negotiate all
participants down to a lowest common resolution, the MCU
embedded in the endpoint described here (although it could
also be implemented as a stand-alone MCU) may transcode
notjust video algorithm, frame rate and bit rate, but also video
resolutions, aspect ratios and interlacing modes. Besides the
MCU, endpoints may also be configured to scale multiple
video resolutions.

In some embodiments, the resolution of the endpoint with
the embedded MCU may be lower than the resolution of other
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participants in the call and their higher resolution may be
preserved for these other systems even if the embedded MCU
endpoint is scaled to a lower resolution. This may occur when
the local display or monitor does not support the higher reso-
Iutions of the remote endpoints (other cases are also contem-
plated).

In some embodiments, endpoints may transmit and receive
different video resolutions. For example, when an endpoint
has a high resolution camera and is capable of sending a high
resolution video signal but has a lower resolution monitor or
display, it may, therefore, receive a lower resolution video for
display. Commands sent between video conferencing sys-
tems and the MCU may inform the MCU as to which resolu-
tion (and/or other characteristics such as bit rate) to use for
images sent to the video conferencing system.

In some embodiments, an endpoint may transmit a lower
resolution (in order to transmit at a lower bit-rate) and receive
a higher resolution and higher bit-rate. For example when the
endpoint is connected on a asymmetrical network connection
such as a digital subscriber line (DSL).

In some embodiments, in a multi-way call with two of the
new end-points operating at 1280x720, 30 frames/sec, 16:9
aspect ratio and 768 kbps and a third existing endpoint oper-
ating at 352x288, 30 fps, 384 kbps and an aspect ratio of 4:3,
an MCU may down scale the 1280x720 16:9 images to a letter
boxed 352x288 4:3 image and then re-encode it in the appro-
priate algorithm for viewing by the FCIF system. Conversely,
the 352x288 image may be up scaled and then windowed
within 1280x720 and re-encoded in the appropriate algorithm
for viewing by the HD systems.

In various embodiments, the system may support two dif-
ferent resolutions each with its own aspect ratio. In some
embodiments, the system may support as many different
resolutions, aspect ratios, interlacing modes, video algo-
rithms, frame rates and bit rates as there are endpoints in the
multi-way call.

FIG. 10 illustrates a method for transcoding video confer-
ence signals, according to an embodiment. It is noted that in
various embodiments one or more of the method elements
may be performed concurrently, in a different order, or be
omitted. Additional elements may be performed as desired.

At 1001, a conference call may be established between at
least two video conferencing systems and a transcoder. In
some embodiments, the transcoder may be embedded in an
MCU. In some embodiments, at least two of the video con-
ferencing systems may support different video resolutions.

At 1003, an input video signal may be received from each
of the at least two video conferencing systems. In some
embodiments, the input video signals may be received by the
transcoder in the MCU (which may be embedded in one of the
video conferencing systems or may be a stand-alone unit).

At 1005, at least one of the input video signals may be
scaled. In some embodiments, the scaled input video signals
may be placed on a shared memory accessible by a composi-
tor. At 1006, at least one scaled input video signal may be
stored on a shared memory.

At 1007, a compositor may composite the input video
signals to form a composite image (e.g., a continuous pres-
ence image).

At 1009, the composite image may be scaled. In some
embodiments, the composite image may not be scaled.

At1011, an output video signal (e.g., the composite image)
may be transmitted to each of the at least two video confer-
encing systems. In some embodiments, the input video sig-
nals and the output video signals may include at least two
resolutions.
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At 1013, at least one video signal may be displayed at low
resolution and at least one video signal displayed at high
resolution on a video display substantially simultaneously.

In some embodiments, multiple MCUs may be cascaded
together. For example, an MCU may transcode the resolution
of a signal being sent to a second MCU. In some embodi-
ments, the second MCU may further scale down or up the
signal dependent on the other video conferencing systems
coupled to the second MCU. In some embodiments, the sec-
ond MCU may transcode the video signals being sent to each
of its connected video conferencing systems. In some
embodiments, the second MCU (and other video conferenc-
ing systems) may determine what resolution (and/or other
characteristics) it wants to receive images in from the first
MCU and may communicate this information to the first
MCU. In some embodiments, the information may be entered
by a participant or stored in a memory medium accessible to
the first MCU. Other ways of determining which resolutions
to send are also contemplated. For example, the MCU may
output a signal to a video conferencing system or MCU in the
same resolution (and/or other characteristics) as the resolu-
tion of the signal received by the MCU from that system.

FIG. 11 illustrates a method for transcoding video confer-
ence signals for multiple cascaded MCUs, according to an
embodiment. It is noted that in various embodiments one or
more of the method elements may be performed concurrently,
in a different order, or be omitted. Additional elements may be
performed as desired.

At 1101, an input video signal may be received at a first
transcoder (e.g., embedded in a first MCU) from a second
transcoder. In some embodiments, the second transcoder may
be embedded in a second MCU.

At 1103, a video signal may be transcoded by the first
transcoder.

At 1105, an output video signal may be transmitted to the
second MCU.

Embodiments of these methods may be implemented by
program instructions stored in a memory medium or carrier
medium. A memory medium may include any of various
types of memory devices or storage devices. The term
“memory medium” is intended to include an installation
medium, e.g., a Compact Disc Read Only Memory (CD-
ROM), floppy disks, or tape device; a computer system
memory or random access memory such as Dynamic Ran-
dom Access Memory (DRAM), Double Data Rate Random
Access Memory (DDR RAM), Static Random Access
Memory (SRAM), Extended Data Out Random Access
Memory (EDO RAM), Rambus Random Access Memory
(RAM), etc.; or a non-volatile memory such as a magnetic
media, e.g., a hard drive, or optical storage. The memory
medium may comprise other types of memory as well, or
combinations thereof. In addition, the memory medium may
be located in a first computer in which the programs are
executed, or may be located in a second different computer
that connects to the first computer over a network, such as the
Internet. In the latter instance, the second computer may
provide program instructions to the first computer for execu-
tion. The term “memory medium” may include two or more
memory mediums that may reside in different locations, e.g.,
in different computers that are connected over a network.

In some embodiments, the computer system may include a
memory medium(s) on which one or more computer pro-
grams or software components according to one embodiment
of the present invention may be stored. For example, the
memory medium may store one or more programs that are
executable to perform the methods described herein. The
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memory medium may also store operating system software,
as well as other software for operation of the computer sys-
tem.

Further modifications and alternative embodiments of vari-
ous aspects of the invention may be apparent to those skilled
in the art in view of this description. Accordingly, this
description is to be construed as illustrative only and is for the
purpose of teaching those skilled in the art the general manner
of carrying out the invention. It is to be understood that the
forms of the invention shown and described herein are to be
taken as embodiments. Elements and materials may be sub-
stituted for those illustrated and described herein, parts and
processes may be reversed, and certain features of the inven-
tion may be utilized independently, all as would be apparent
to one skilled in the art after having the benefit of this descrip-
tion of the invention. Changes may be made in the elements
described herein without departing from the spirit and scope
of the invention as described in the following claims.

What is claimed is:

1. A transcoder for use in a videoconferencing system,

comprising:

a plurality of video source inputs for receiving video sig-
nals, wherein the plurality of video source inputs com-
prises a first video source input for first receiving video
signals corresponding to a first participant of a video-
conference, wherein the first video signals are of a first
input resolution, wherein the plurality of video source
inputs comprises a second video source input for receiv-
ing second video signals corresponding to a second par-
ticipant of the videoconference, and wherein the second
video signals are of a second input resolution that is
different than the first resolution;

a plurality of decoders coupled to the video source inputs
for decoding the received video signals;

a first plurality of scalers for scaling the received video
signals and scaling the received video signals to produce
scaled video signals, wherein the first plurality of scalers
comprises a first scaler configured to scale the first video
signals to produce first scaled video signals, wherein the
first plurality of scalers comprises a second scaler con-
figured to scale the second video signals to produce
second scaled video signals, and wherein the first scaled
video signals have a resolution that is different from a
resolution of the second scaled video signals;

a memory for storing the scaled video signals;

one or more compositors coupled to the memory forreceiv-
ing the first scaled video signals and the second scaled
video signals and compositing the first and second
scaled video signals to produce a composite image;

one or more output scalers, each of the one or more output
scalers coupled to one of at least a subset of the one or
more compositors;

wherein at least one of the one or more output scalers is
operable to scale down a composite image output from
one of the plurality of compositors to produce a scaled
down composite image; and

a plurality of video source outputs for providing output
composite images, wherein the output composite
images comprises the composite image at a first output
resolution and the scaled down composite image at a
second output resolution that is different from the first
output resolution.

2. The transcoder of claim 1,

wherein the first video signals is high definition.

3. The transcoder of claim 1,

wherein the first resolution is 1280x720.
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4. A method, comprising:

establishing a conference call between a first video confer-
encing system, a second video conferencing system, and
a transcoder;

receiving a first input video signal from the first video
conferencing system and a second input video signal
from a second video conferencing system, wherein the
first input video signal is of a first resolution, and
wherein the second input video signal is of a second
resolution that is different from the first resolution;

scaling the first video signal and the second video signal to
produce a first scaled video signal and a second scaled
video signal, wherein the first scaled video signal has a
resolution that is different from a resolution of the sec-
ond scaled video signal;

compositing the first scaled video signal and the second

scaled video signal to produce a composite image;
scaling down the composite image to produce a scaled
down composite image; and

transmitting the composite image to the first video confer-

encing system and the scaled down composite image to
the second video conferencing system, wherein the
composite image is at a first output resolution, and
wherein the scaled down composite image is at a second
output resolution that is different from the first output
resolution.

5. The method of claim 4, further comprising storing the
first scaled video signal and the second scaled video signal on
a shared memory.

6. The method of claim 4, wherein the transcoder is embed-
ded in a multipoint conferencing unit (MCU) in at least one of
the first video conferencing system or the second video con-
ferencing system.

7. The method of claim 4, further comprising implement-
ing a transcoding algorithm to at least one video signal.

8. The method of claim 4, wherein the transcoder is in a first
MCU, and further comprising:

receiving an input video signal from a second transcoder in

a second MCU; and

transmitting an output video signal to the second MCU.

9. The method of claim 4, wherein the first input signal is a
high definition video signal.
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10. A system, comprising:

a first video conferencing system;

a second video conferencing system; and

a transcoder coupling the first video conferencing system

and the second video conferencing system;

wherein the transcoder is configured to:

receive first and second input video signals from the first
video conferencing system and the second video con-
ferencing system, respectively, wherein the first input
video signal is of a first input resolution, wherein the
second input video signal is of a second input resolu-
tion that is different than the first input resolution;

scale the first input video signal and the second input
video signal to produce a first scaled input video sig-
nal and a second scaled input video signal, wherein
the first scaled video signal has a resolution that is
different from a resolution of the second scaled video
signal;

composite the first scaled video signal and the second
scaled video signal to produce a composite image;

scale down the composite image to produce a scaled
down composite image; and

transmit the composite image to the first video confer-
encing system and the scaled down composite image
to the second video conferencing system, wherein the
composite image is at a first output resolution, and
wherein the scaled down composite image is at a
second outputresolution that is different from the first
output resolution.

11. The system of claim 10, wherein the transcoder is
further configured to implement a transcoding algorithm to at
least one video signal.

12. The system of claim 10, wherein the transcoder is
further configured to implement a bit rate algorithm to at least
one video signal.

13. The system of claim 10, wherein the transcoder is
embedded in a multipoint conferencing unit (MCU) at one of
the first video conferencing systems and the second video
conferencing system.
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